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ABSTRACT
The term dysfunctional lens syndrome has gained acceptance in the field and encompasses natural
changes due to aging of crystalline lens. The evolution of diagnostic devices has been a key factor
in better staging, understanding and characterizing of these degenerative changes. Even with these
technological advances and the use of subjective classifications, such as the classic Lens Opacities
Classification System, an objective staging of early dysfunctional lens syndrome has yet to be
established. Ocular wavefront aberrometry and objective scatter index, associated with Scheimpflug
backscatter densitometry, have proven instrumental in detecting early dysfunctional lens syndrome.
Staging of early dysfunctional lens syndrome has been proposed in the literature, but no classification
has been recognized worldwide. The purpose of this literature review is to assess the current state of
dysfunctional lens syndrome from a technological perspective and propose a new staging system to
assist surgeons in making surgical decisions.

RESUMO
O termo “síndrome disfuncional do cristalino” tem sido mais aceito na área e engloba mudanças
naturais devido ao envelhecimento do cristalino. A evolução dos dispositivos diagnósticos tem sido
fator fundamental para melhor estadiamento, compreensão e caracterização dessas alterações.
Mesmo com esses avanços tecnológicos e o uso de classificações subjetivas, como o Lens Opacities
Classification System, um estadiamento objetivo da síndrome disfuncional do cristalino precoce
ainda não foi estabelecido. A aberrometria ocular total e o índice de superfície ocular, associado à
densitometria de Scheimpflug, mostraram-se instrumentais na detecção da síndrome disfuncional
do cristalino precoce. Embora estadiamentos precoces de síndrome disfuncional do cristalino tenham
sido propostos na literatura, nenhum foi reconhecido mundialmente até o momento. O objetivo desta
revisão de literatura é avaliar o estado atual da síndrome disfuncional do cristalino a partir de uma
perspectiva tecnológica, e propor um novo sistema de estadiamento para auxiliar os cirurgiões na
tomada de decisões cirúrgicas.
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INTRODUCTION
Dysfunctional lens syndrome (DLS) is characterized by
progressive changes in the crystalline lens, impacting the
patient’s quality of accommodation and of vision. Due to
its broad definition, this syndrome has been addressed
mainly by the evolution of imaging methods and early
diagnosis.
With aging, changes in the crystalline lens induce
gradual loss of transparency, increase in density, and start
of presbyopia.(1) Stage one of DLS is often observed in patients aged between 40 and 50 years with accommodation
loss, and relatively low light scatter. In the second stage
(usually presented in patients aged > 50 years), increased
ocular scatter and higher-order aberrations (HOA), decreased contrast sensitivity, and lens opacity occurs. The
third stage involves moderate to clinically significant cataract, and surgical procedures may be required.(2,3)
The Lens Opacities Classification System (LOCS) is the
most accepted method for staging crystalline lens transparency by clinical professionals and surgeons.(4,5) Several
improvements in imaging diagnosis have been made,
including Scheimpflug densitometry, which provides an
objective measure of lens density. Similarly, the objective
ocular scatter index (OSI), provided by double-pass technology, can objectively quantify forward scatter related to
retinal image quality.(6) Also, in recent DLS reports, this
parameter was highly correlated with the Scheimpflugbased densitometry measurements.(2)
This literature review proposes a new staging for DLS
that includes the diagnostic tools and terminology used
to stage the disease. This new staging provides ophthalmologists with decisive criteria for approaching a patient
with DLS in the course of their evolution.

CONSIDERATIONS REGARDING THE
CRYSTALLINE LENS
Lens accommodation
Accommodation of the lens results from changes in its
shape, with alteration in its curvature and thickness,
modifying its convergence power and thereby the eye
dioptric power. Helmholtz’s best-known theory proposes that the ciliary muscle contracts and produces a relaxation of the zonular fibers, increasing the thickness
and curvature of the lens and, consequently, increasing
its dioptric power.(1) It is commonly known that around
the age of 40 years, it becomes difficult for the patient to
focus on nearby objects. According to this theory, when
the zonules are relaxed, the crystalline lens can no longer
change its shape; therefore, presbyopia is a condition that
2
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can only be reversed by replacing the elasticity of the capsule or the lens.

Higher-order aberrations
Higher-order aberrations are refractive errors that are not
corrected by sphere and cylinder corrections. They are defined as wavefront deviations that cannot be easily compensated by conventional means, such as contact lenses, spectacles, and laser vision correction. They also include errors
in the eye optical system, which can deteriorate the quality
of retinal image. HOA changes with age are one of the main
mechanisms that cause presbyopia. As previously described
in the literature, the crystalline lens in its relaxed state has a
negative spherical aberration (SA), counterbalanced by the
positive value of the corneal surface.(7) This counterbalance
occurs until the age of 45, where the turning point for aberration compensation seems to shift.(8) This shift is associated
with an increase of coma, and a positive SA attributed to aging of the crystalline lens.(9)

Objective scatter index
With aging, the appearance of optical flaws in the optical
medium generally results in light dispersion. Two methods can analyze this effect: forward scattering, which
examines the light scattered into the retina; and backward-scattering, which quantifies the light being scattered backward.
One way to objectively measure the OSI and quantify the intraocular light scattering is by examining the
double-pass wavefront (Optical Quality Analysis System,
OQAS, HD Analyzer, Visiometrics, Terrasa, Spain). This
device directs a near-infrared light monochromatic
780-nm laser beam point source on the retina. The HD
Analyzer measures forward scatter by employing a double-pass technique as light passes through the ocular
interfaces resulting from localized deviations of light, in
addition to aberrations in light reflected from the retina.
(8)
The instrument has a fixed diameter entrance pupil of
2 mm and a variable diameter exit pupil between 3 and 6
mm controlled by the operator. The spatial light distribution of a point source imaged on the retina is described
by the point spread function (PSF), which is calculated by
the device as a mean of six scans. The OSI is computed
based on the relative intensity divided by ten between the
central area within 1 minute of arc and a peripheral ring
between 12 minutes and 20 minutes of arc of the double-pass image of the eye. The greater the aberrations and
intraocular scatter, the greater the spread of the PSF, and
the greater the OSI.

Dysfunctional lens syndrome

A staging proposal for
dysfunctional lens syndrome
The term “dysfunctional lens syndrome” has recently
been used to describe early cataract and presbyopia with
little to no sign of visual acuity loss.(10) There have been
several attempts to classify DLS, but none have been
unanimously recognized among ophthalmologists.
Rocha and Waring(2) defined DLS as a loss of accommodation (stage 1), an increase in HOA and forward scatter of
light, decreased contrast sensitivity, and early lens opacities (stage 2), and clinically significant cataract with decreased functional vision (stage 3). Similarly, Fernández
et al.(3) defined stage one as presbyopia itself in patients
aged 42 to 50 years, and stages 2 and 3 are defined by an
increase in ocular scatter. Despite differences in the proposed staging systems, it is widely accepted the crystalline lens undergoes progressive changes over the years,
creating problems with daily activities for patients.
In our proposed staging system for DLS, the first stage
is characterized by the initial loss of accommodation

(Table 1). Usually, at this early stage, the patient needs
an addition power up to +2.25 D (Figure 1). In the second
stage, there is a marked progressive loss of accommodation, requiring an addition of more than +2.50 D. In the
third stage, the appearance of a mild cataract is observed,
with loss of transparency of the lens, causing loss of vison
quality (Figure 2). In the fourth stage, a decrease in contrast sensitivity and decreased visual acuity in the Snellen
table is observed, with vision worse than 20/30 with a
moderate decrease in contrast sensitivity. Finally, in the
fifth and last stage, moderate cataract is observed, with
significant visual loss in the Snellen high-contrast acuity
chart and vision equal to or worse than 20/50. An example of this stage is shown in Figure 3.

Table 1. Staging proposal for dysfunctional lens syndrome
Stage I – Slight loss of accommodation: initial presbyopia (addition up to +2.25)
Stage II – Increased loss of accommodation (addition > +2.50)
Stage III – Reduced quality of vision (contrast sensitivity; Straylight)*
Stage IV – Reduced visual acuity with high contrast (Snellen <20/30)
Stage V – Increased loss of visual acuity due to cataract
* Need for complementary exams (objective study).

Figure 1. Double-pass imaging system measuring a stage 1 patient showing decreased image quality with accommodation change.

Figure 2. (A) iTrace (Tracey Technologies; USA) with objective dysfunctional lens syndrome study. In the aberrometry exam, it is
verified that the dysfunctional lens index has a score of 2.68 (scale of zero to ten, ten relative to the best optical performance
staging for the lens). The aberrometry system performs a vision simulation (“Total Eye - Letter”). (B) Lens densitometry by
Scheimpflug image with Pentacam (Oculus, Germany). There are signs of hyperreflectivity at the level of the corticonuclear cataract . In this clinical case, visual complaints are derived from the presence of cataracts in stage 3.
Rev Bras Oftalmol. 2021;80(5):e0037.
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Figure 3. Lens densitometry by Scheimpflug image in a stage
5 patient. Note the hyperreflectivity at the nuclear lens. In this
clinical case, moderate cataract is observed, with significant
visual loss in the Snellen high-contrast acuity chart and vision
equal to or worse than 20/50.

Figure 4. Mild cataract documentation with the Wave Analyser 700+ (WAM700+; Essilor, France) with Scheimpflug image, retroillumination and Hartmann-Shack centroids.

Clinicians prefer evidence-based diagnosis, and the
early diagnosis of DLS is based on advanced imaging technology. Despite its limitations, the LOCS III is the most used
subjective system for cataract grading.(11) Variables that
influence the final score comprise training level of professionals(12) and slit-lamp settings.(13) Additionally, subjective
inter-observer variability occurs when the crystalline lens
is staged.(14) Conversely, Scheimpflug imaging allows the
ophthalmologist to both grade lens densitometry and improve phacodynamics.(15) The literature has reports of several attempts to standardize lens densitometry, but there is no
consensus on this point.(16) For example, Faria-Correia et al.
observed a significant association between DLS and cataract
surgery using the Scheimpflug-measured average density
without including forward scatter measurements.(17)
Considering forward scatter analysis, the OSI parameter can measure and quantify the intraocular scattering of
light using devices, such as the double-pass HD Analyzer.(6)
A correlation between OSI and clinical evaluation (such as
LOCS III) has been previously reported, albeit with limitations. The central pupil area (4 mm), subscapular cataract,
and cortical cataract are some of these limitations, and may
not be accurate when correlating the two variables.(18-20)
Retroillumination can be integrated to Scheimpflug
imaging and other multimodal approaches, like ocular
wavefront with Hartmann-Shack, as in the WAV 700+
(Essilor, France; Figure 4) and Pentacam AXL/WAVE
(Oculus, Germany; Figure 5).
Waring et al.(2) reported an accurate correlation between Scheimpflug densitometry and OSI in lower grades

Figure 5. Mild cataract documentation with the Pentacam AXL/Wave, including optical wavefront, retroillumination, corneal
tomography, axial length and Scheimpflug imaging.
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of nuclear opalescence cataract. Notably, the authors reported more variability between both devices in higher
grades of nuclear opalescence in LOCS III.
It is important to acknowledge the criteria for carrying out lens exchange diverge in different parts of
the world. In Spain, there is a cutoff value of 20/50 visual acuity to justify the surgical lens replacement. In
the United States, the patient must have 20/40 vision
or worse and/or problems with their “activities of daily
living” before qualifying for cataract surgery. There are
no established criteria for cataract surgery worldwide;
however, some authors recommend surgery when DLS
increases to stage 4.
The criteria by which some clinicians consider refractive lens exchange as a treatment for presbyopia include stage 2 with increased ocular scatter(2,3), high myopia(21), hyperopia(22), and patients with stage 1 associated
with reduced visual quality under low light conditions.(23)
However, this decision must consider the risks in performing cataract surgery, including retinal detachment, macular edema, and choroidal effusion.(22) Importantly, there is a
percentage increase in these complications when associated with high myopia and high hyperopia.(22,23)

CONCLUSION
While the concept of dysfunctional lens syndrome is now
commonly recognized, a standard and universally accepted staging system has yet to be established. In the staging
system proposed in this review, transparency and presbyopia are independent factors, but in advanced stages,
they can occur concomitantly. This new staging is based
on our current understanding of dysfunctional lens syndrome, which has benefitted from technological advances in diagnostic devices. Furthermore, this new staging
and staging system may assist surgeons in making surgical decisions for DLS patients.
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